Two new, rare heteratisine-hetidine-type bisditerpenoid alkaloids designated as trichocarpines A 1 and B 2, together with twelve known compounds have been isolated from the whole plants of Aconitum tanguticum var. trichocarpum. Their structures were elucidated by spectroscopic data interpretation and chemical transformation.
A large number of diterpenoid alkaloids have been isolated from various species of Aconitum and Delphinium, and are structurally classified as C 18 -, C 19 -, and C 20 -diterpenoid alkaloids. The naturally rare bisditerpenoid alkaloids may be regarded as a class of C 20 -diterpenoid alkaloids according to the recognized classification criteria proposed by Wang and Liang [1] .
Aconitum tanguticum (Maxim.) Stapf var. trichocarpum Hand.-Mazz distributes mainly at the altitude of over 4000 m in the alpine meadows in Tibet, China [2] . The whole plant has been used as a traditional medicine for the treatment of pneumonia and fever. No previous work has been reported on its phytochemistry. As part of an ongoing comparative study program the diterpenoid alkaloids from Aconitum and Delphinium species, the alkaloid content of the whole plants of Aconitum tanguticum (Maxim.) Stapf var. trichocarpum was investigated. The investigation led to the isolation of two new heteratisine-hetidinetype bisditerpenoid alkaloids designated as trichocarpines A 1 and B 2, as well as twelve known alkaloids, 6-acetylheteratisine, 6-benzoylheteratisine, dehydrheteratisine, dihydrogeyerine, geyerinine, guan-fu base Z, heteratisine, heterophyllidine, heterophylline, tangirine 3, tongolinine, and venulol [3] [4] [5] [6] [7] [8] [9] [10] . Trichocarpines A 1 and B 2 consist of a lactone-type C 19 -diterpenoid alkaloid moiety and a hetidine-type C 20 -diterpenoid alkaloid moiety. They represent the second and third examples of the heteratisinehetidine-type bisditerpenoid alkaloids; tangirine 3, being the first example of this type of alkaloid, was discovered by Joshi and Pelletier in 1993 [3] . The isolation and structure determination of the new bisditerpenoid alkaloids are described herein, and a plausible biogenetic pathway is proposed. [1] . Comparison of the NMR data of 1 with those of tangirine [3] , revealed that they shared similar NMR spectral patterns. The only difference is that 1 possesses a hydroxyl group and an acetyl group instead of the methoxyl group and benzoyl group in tangirine. In the heteratisine part, a hydroxyl group was assigned to C-1 due to the evident correlations from H-1 (δ H 3.78 m, 1H) to C-5 and C-17 in the HMBC spectrum ( Figure 2 ), and the acetyl group was located at C-6 according to the cross peaks between H-6 (δ H 5.40) and C-4 (δ C 33.1 s), C-8 (δ C 79.4 s), and the carbonyl group (δ C 170.9 s). A typical exocyclic double bond was isomerized to the endo ∆ 15'(16') in the hetidine section, which was confirmed by the correlations from H-7' and H-17' to the olefinic carbon (C-15', δ C 128.0 d) in the HMBC spectrum. In addition, the oxygenated quaternary carbon at δ C 72.3 was attributed to C-14' according to The relative configuration at the chiral centers of trichocarpine A was deduced from the 1 H-1 H COSY correlations ( Figure 2 ) and the corresponding signals from the NOEDS spectrum ( Figure 3 ). A correlation between H-1 and H-10β in the selective NOE experiment indicated that the hydroxyl group at C-1 was α-oriented. No correlation between H-5β and H-6 was observed in the 1 H-1 H COSY spectrum ( Figure 2 ), indicating a dihedral angle of 90° between the two protons, which led to the assignment of 6-OAc in a β −orientation. These assignments of the relative configuration were completely in agreement with those reported for tangirine [3] . Thus, the structure of trichocarpine A was established as 1.
Trichocarpine B 2 was also obtained as a white amorphous powder. The molecular formula was deduced as C 41 H 56 N 2 O 6 on the basis of its HRESIMS and NMR spectra. From its NMR data (Table 1) , an N-ethyl group, an ester carbonyl group, an imine, a trisubstituted double bond, two tertiary methyl groups, and five oxygenated carbons could be easily recognized. Alkaloid 2 exhibited nearly identical 1 H and 13 C NMR resonances to those of 1, in 2, thus validating the loss of 42 mass units in 2 as indicating that the two alkaloids share the same basic skeleton. Differences between the two sets of spectra were demonstrated by the absence of an acetyl group found by mass spectrometry. To support that 2 might be a hydrolytic product of 1, the alkaloid 1 was treated with 5% NaOH/CH 3 OH at room temperature; the product obtained was identical to an authentic sample of 2. Furthermore, the structure of trichocarpine B was confirmed as 2 by extensive analysis of its 2D NMR data.
A plausible biogenetic pathway for trichocarpines A 1 and B 2 was proposed as shown in Scheme 1. Key Grob fragmentation of the lactone-type C 19diterpenoid alkaloids (B) may produce the olefinic iminium salts (C). On the other hand, the C16-C17 double bond in the hetidine-type C 20 -diterpenoid alkaloids (D) could be oxidized to an epoxide (E), which may be subsequently converted to the corresponding anion F through an epoxy ring opening process. Finally, a critical nucleophilic attack of anion F to the C-8 position of C 19 -fragment C would produce the ultimate bisditerpenoid alkaloids 1 and 2.
The known alkaloids were identified by comparison of their 1 H and 13 C NMR data with those reported in the literature. The fourteen diterpenoid alkaloids isolated from A. tanguticum var. trichocarpum consist of six lactone-type, one hetidine-type, three hetisine-type, and three bisditerpenoid-type alkaloids.
A. tanguticum var. trichocarpum belongs to a primitive ser. Tangutica W. T. Wang in subgen Aconitum. Only the phytochemical investigation on Aconitum tanguticum (Maxim.) Stapf W. T. Wang from this ser. had been reported previous to the present study [3, 11] . The lactone-type diterpenoid alkaloids could be biogenetically produced from a rearrangement of the C 20 -diterpenoid alkaloids. So far, all of the known lactone-type diterpenoid alkaloids distribute exclusively in the primitive plants of the ser. Tangutica and ser. Rotundifolia Steinb in subgen. Aconitum [12] . There is a clear relationship between their structures and the systematic position of the corresponding primitive plants of the subgenus Aconitum. Therefore, the presence of the lactone-type diterpenoid alkaloids may serve as a reliable taxonomic character of the subgenus Aconitum. In addition, the new bisditerpenoid alkaloids trichocarpines A and B are the second and third examples of the heteratisine-hetidine-type following the precedent of tangirine, which might also be chemotaxonomic significance in the genus Aconitum.
Experimental Section
General 
Extraction and Isolation:
Air-dried and powdered whole herbs (5 kg) were percolated with 0.1 N HCl (75 L). The acidic solution was alkalinized with 10% aqueous NH 4 OH to pH 10 and then extracted with ethyl acetate (30 L × 3). The combined extracts were concentrated in vacuo to yield the total crude alkaloids (30.1 g), which were dissolved in chloroform to yield the soluble part I (18.7 g) and insoluble part II (12.0 g). Part I was chromatographed over a silica gel H (300 g) column, eluting with cyclohexane-acetone (5:1 → 1:1), to give fractions A (3.1 g), B (2.9 g), C (2.6 g), D (2.0 g), and E (2.8 g). Further chromatography of fraction A over a silica gel H (20 g) column yielded subfractions A-1, A-2, and 6-benzoylheteratisine (15 mg). Subfraction A-1 was subjected to column chromatography, using cyclohexane-acetone (5:1 → 3:1) as eluent, to furnish 6-acetylheteratisine (36 mg). 6-Benzoylheteratisine (0.24 g) and heteratisine (1.09 g) were obtained from the further separation of subfraction A-2. Fraction B was subjected to column chromatography, employing petroleum ether-ethyl acetate (3:1 → 1.5:1) for elution, to give subfractions B-1, B-2, and B-3. Further separation of B-1 over a silica gel column, eluting with cyclohexane-acetone (3:1) followed by chloroform-methanol-diethyl-amine (99:1:1), yielded dehydroheteratisine (0.82 g). Dehydroheteratisine (19 mg) was also obtained from the purification of subfraction B-2. The subfraction B-3 was chromatographed over a silica gel column, eluting with cyclohexane-acetone (4:1), to afford dihydro-geyerine (10 mg). Separation of fraction C over a silica gel column, using cyclohexane-acetone (4:1 → 3:1) as eluent, gave subfractions C-1 and C-2, from which tongolinine (27 mg), venulol (18 mg), and heterophylline (11 mg) were isolated. Fraction D was subjected to repetitive column chromatography, eluting with cyclohexane-acetone (3:1) and chloroform-methanol (95:5), to afford heterophyllidine (16 mg), heteratisine (14 mg), and guan-fu base Z (14 mg). Chromatography of fraction E over a silica gel column, eluting with cyclohexane-acetone (3.5:1), yielded subfractions E-1 and E-2, and tangirine (6 mg). Further purification of E-1 by silica gel column chromatography with chloroform-methanol (95:5) as eluent provided trichocarpine A (1, 27 mg). Trichocarpine B (2, 15 mg) was obtained from subfraction E-2 by column chromatography employing chloroform-methanol-diethylamine (94:6:1) as eluent. Part II was chromatographed over a silica gel H column, eluting with chloroform-methanol (95:5), to yield tangirine (40 mg).
Hydrolysis of trichocarpine A:
A solution of trichocarpine A (5 mg) in 5% NaOH/CH 3 OH (2 mL) was stirred at room temperature for 2 h. The reaction mixture was partitioned between water and chloroform, the chloroform layer was separated and dried over anhydrous Na 2 SO 4 , and the solvent was removed to yield the corresponding hydrolytic derivative. The product exhibited the same TLC (S1: chloroform-methanol (95:5); S2: cyclohexane-acetone (3:1)) behavior as that of trichocarpine B (2). 
